Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

11-25-2020

Forestland ownership changes and the duration in Mississippi
Mahesha Kuluppuarachchi

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Kuluppuarachchi, Mahesha, "Forestland ownership changes and the duration in Mississippi" (2020).
Theses and Dissertations. 2324.
https://scholarsjunction.msstate.edu/td/2324

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template B v4.1 (beta): Created by L. Threet 11/15/19

Forestland ownership changes and the duration in Mississippi
By
TITLE PAGE
Mahesha Kuluppuarachchi

Approved by:
Changyou Sun (Major Professor)
Jason S. Gordon
Ian A. Munn
Donald L. Grebner (Committee Member/Graduate Coordinator)
L.Wes Burger (Dean, College of Forest Resources)

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Forestry
in the Department of Forestry
Mississippi State, Mississippi
November 2020

Copyright by
COPYRIGHT PAGE
Mahesha Kuluppuarachchi
2020

Name: Mahesha Kuluppuarachchi
ABSTRACT
Date of Degree: November 25, 2020
Institution: Mississippi State University
Major Field: Forestry
Major Professor: Changyou Sun
Title of Study: Forestland ownership changes and the duration in Mississippi
Pages in Study: 64
Candidate for Degree of Master of Science
Forest resources are significant in Mississippi's ecology and economy, with 12.5 million
acres of Non-Industrial Private Forest (NIPF). Frequent ownership changes with lower durations
decrease the average parcel size. The study examined the trends of NIPF parcelization
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eight-county study. Based on the results, lower duration of ownerships was associated with
increased number of smaller parcels less than 11 acres and a substantial loss of large forests. The
median duration of ownership was between 10 to 15 years and 59% were absentee NIPF owners.
Duration analysis revealed the length of NIPF ownership was highly associated with the size of
the forest, sawtimber price, an economic recession, and distance to the closest metropolitan city.
Lower ownership durations and smaller parcels will limit economies of scale and alter the
functionality and structure of the NIPFs in the future.

Keywords: duration analysis, Nonindustrial Private Forest (NIPF) owners, ownership duration,
parcelization

DEDICATION
To my loving mother and father, Sunethra and Themiya Kuluppuarachchi

ii

ACKNOWLEDGEMENTS
The author is obligated to many people without whose selfless supervision this thesis
could not have been achieved. First, heartfelt thanks are designated to Dr. Changyou Sun, the
author’s major professor, for his guidance and patience throughout the hardship of the master’s
program and the thesis process. Expressed appreciation is also due to the author’s committee
members, Dr. Jason Gordon, Dr. Donald Grebner, and Dr. Ian Munn, for their valuable
comments and suggestions. The author’s sincere gratitude is owed to the Department of Forestry
staff for their assistance in the past two years. Finally, the author would like to thank her family
members and associates for their love and encouragement.

iii

TABLE OF CONTENTS
DEDICATION ................................................................................................................................ ii
ACKNOWLEDGEMENTS ........................................................................................................... iii
LIST OF TABLES ......................................................................................................................... vi
LIST OF FIGURES ...................................................................................................................... vii
CHAPTER
I.

INTRODUCTION .............................................................................................................1

II.

THE FREQUENCY AND DURATION OF PRIVATE FORESTLAND
OWNERSHIPS IN MISSISSIPPI FOR SELECTED COUNTIES SINCE 1999 .............6
Introduction .......................................................................................................................6
The Problem of Forest Parcelization in the United States .................................................9
Methodology....................................................................................................................12
Non-Parametric Duration Analysis ...........................................................................12
Empirical Results and Discussion ...................................................................................16
Descriptive Statistics .................................................................................................16
Non-Parametric Duration Analysis ...........................................................................22
Conclusions .....................................................................................................................28

III.

THE DETERMINANTS OF OWNERSHIP DURATION FOR PRIVATE
FORESTLANDS IN MISSISSIPPI ................................................................................31
Introduction .....................................................................................................................31
Drivers of Private Forestland Parcelization in the United States ....................................33
Methodology....................................................................................................................37
Parametric Duration Analysis....................................................................................37
Empirical Results and Discussion ...................................................................................39
Variable Definitions ..................................................................................................39
Results from the Overall Comparison .......................................................................41
Results from Category-Wise Comparison .................................................................44
Results from County-Wise Comparison ....................................................................46
Conclusions .....................................................................................................................50

IV.

CONCLUSIONS AND FUTURE RESEARCH .............................................................55
iv

REFERENCES ..............................................................................................................................60

v

LIST OF TABLES
Table 2.1

Summary statistics of NIPF ownerships from 1999 to 2019 in Mississippi ..............17

Table 2.2

The average duration of NIPF ownership and number of new tenures from
1999 to 2019 ...............................................................................................................20

Table 3.1

The definitions, data sources, and summary statistics of the study variables ............40

Table 3.2

Results from overall and category-wise Weibull parametric duration analysis
comparison .................................................................................................................42

Table 3.3

Overall, category-wise and county-wise impact of the covariates on the NIPF
duration of ownership .................................................................................................43

Table 3.4

Results from county-wise Weibull parametric duration analysis comparison ...........48

vi

LIST OF FIGURES
Figure 2.1 Distribution of absentee owners for NIPFs from 1999 to 2019 in Mississippi ..........19
Figure 2.2 The change in the parcel and forest sizes from 1999 to 2019 for urban and
rural counties ..............................................................................................................21
Figure 2.3 Survival probability for urban and rural counties.......................................................23
Figure 2.4 Cumulative hazard for urban and rural counties ........................................................25
Figure 2.5 The median survival probability of NIPFs for urban and rural counties ....................26

vii

CHAPTER I
INTRODUCTION
Fifty-eight percent of the estimated 816 million acres of forestland in the United States
are owned by private ownerships (Butler et al. 2016). There are 11.3 million private forest
owners in the U.S., including family forest owners, corporate owners, and other private owners.
The public forest owners are federal, state, and local government agencies. Early forestry
literature identified private forest owners as small forests (over 60% of family forests are less
than 10 acres in size), farm forests (many of the early family forests were parts of farm
operations), and eventually as Nonindustrial Private Forest (NIPF) owners (Hatcher et al. 2013).
The NIPF owners collectively defined as family, individuals and other private groups that own
forestland but do not own and operate a primary wood-processing facility (Butler et al. 2008).
The NIPF owners’ decisions on their forestland are crucial for sustainability in the forestry sector
and to maintain a steady timber supply as they control over 50% of forestland ownerships in the
nation (Best 2002).
The United States is both the most significant consumer and the leading producer
comprising almost 30% of the world’s forest products in all major categories. Almost 90% of
timber sales and manufacturing shipments are associated with private timberlands in the
nation. The overall trend in the U.S. share of global timber production mostly made up of solid
wood products, pulp and paper. For some products, there had been a decline since the 1960s.
Trends point toward further declines, even while domestic production of products, such as wood
1

pellets, increases (Alvarez 2020). The lumber and engineered wood products sectors are
significant components of the forest products industry’s total production and consumption,
despite overall declines in both sectors by the year 2013 (Howard 2016). The planted pine is
forecast to increase in area among the five forest management types (planted pine, natural pine,
oak-pine, upland hardwood and lowland hardwood) in the United States. In 2010, planted pine
comprised 19% of southern forests and planted pine forecast to comprise somewhere between 24
and 36% of forest area in the south by 2060 (Wear and Greis 2013). Nearly all forests in the
south have been harvested at least once, and much of the region’s forests are a result of
reforestation and accumulation of biomass. After an extensive period of accumulating biomass,
the Southern forests are forecasted to reach a maximum by 2030 and then either level off or
decline (Wear and Greis 2012).
Most of Mississippi’s forestlands are owned by NIPF landowners totaling 19.3 million
acres and accounting for 65% of the state’s land area. National forests comprise a little over 1
million acres of forestland in Mississippi (Oswalt 2019). According to the National Woodland
Owner Survey (NWOS 2013) findings, 52% of the country’s NIPF land belongs to owners 65
and older, and only two percent of ownerships belong to owners aged 44 or less. The owners
have responded that the most important reasons for holding forested land are family legacy,
conserving wildlife, and preserving the aesthetic value of the property (Butler 2016). With
changing ownership, the new owner may seek to capitalize on the “best use” of the property,
either selling off to residential projects or recreational uses (Best 2002). Most of the NIPF
owners are not realizing the full benefit of their forested land. The landowners with small to midsized tracts of land generally lack forestry knowledge and training, making their lands less
productive than other ownership categories (Measells and Grado 2004).
2

The change in forestland in the state is mainly driven by agriculture and development.
Once a forested land has been converted to developed land, it is highly unlikely to return to a
forested condition. In contrast, agricultural land does revert to forestland based on economic
changes. In Mississippi, the most extensive conversions to agriculture occurred in the North,
while the most extensive conversions to developed land occurred in the South. Central
Mississippi experienced the most substantial negative change, and the Delta was the only unit to
experience positive change as a result of conversions from agriculture to forestland use. Even
though the state’s timberland area has increased between 1997 and 2006, all forestland area has
experienced a 1.4% decline while non-forested land has increased by 2.7% since 2006 (Oswalt
2019).
On average, between 1978 and 1994, almost two million acres of forestland per year, an
area about the size of Yellowstone national park, has broken up into parcels smaller than 100
acres (Best 2002). Mehmood and Zhang (2001) specified the number of private forest owners
have increased while the average parcel size decreased in the United States. As metropolitan
areas proliferate and development sprawled into formerly rural areas during the 1990s, many
forestland owners profited from the appreciation of real estate values by subdividing and selling
their forestlands. Forty-three million acres of land in the south is expected to be developed for
urban areas by the year 2060 from the base year of 30 million acres in 1997 (Wear et al. 2013).
From 1997 to 2060, the Southern U.S. is forecasted to lose 23 million acres of forests, mainly
urban uses. Strong timber markets can ameliorate losses of the southern forest somewhat at the
expense of cropland uses. Among the South’s five subregions, Piedmont is forecasted to lose the
most considerable proportion of its forest area 21% under the highest loss forecast by 2060. The
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Mid-South and Mississippi Alluvial Valley are forecasted to lose the smallest proportion
(between 8 and 9%) (Wear and Greis 2013).
The trend in forest alteration caused by fragmentation and parcelization impacts forest
productivity and functionality (Best 2002). Forest fragmentation is the breaking of large,
contiguous, forested areas into smaller pieces, which are typically separated by roads,
agriculture, utility corridors, subdivisions, or other human development (Vince et al. 2004 and
USDA Forest Service). Fragmentation usually results in smaller tracts of forestland scattered
across the landscape or in more non-forest openings within predominantly forested landscapes.
Parcelization is the division of more substantial forest holdings with single ownership into
smaller parcels with multiple owners (Mehmood and Zhang 2001; Mundell 2007; Hatcher et al.
2013). Subdivision of parcels into smaller and smaller ownerships does not necessarily fragment
the forest physically; instead, it spreads forest management decisions to more owners who have
smaller properties (Mundell 2010). Smaller properties complicate the pursuit of an owner’s
management objectives, such as controlling invasive species or improving habitat for wideranging animals, as well as increasing the cost and complexity of providing information and
assistance to a growing number of private forest owners.
Another aspect of forest parcelization is the increase in the frequency of ownership
changes associated with lower duration of ownerships (Hatcher et al. 2013). Lower ownership
durations associated with smaller parcels would limit the economies of scale in the forestland.
Therefore, increasing rates of parcelization of forests tend to diminish forest functionality for
wildlife, watershed and timber (Wear et al. 1998; Xie et al. 2014). Nonetheless, data on forest
extent still identify fragmented forests and primarily residential properties as “forest.” The forest
4

size may serve as a misleading indicator for the relative scarcity of the services provided by
forests, and no-net-loss of timberland may mask substantial declines in services rendered (Wear
et al. 1998). This research aims to identify the trends and patterns of parcelization caused by
lower NIPF ownership durations in Mississippi. The study differs from other past research as it
studies the NIPF ownership durations to identify the trend of parcelization of private forestlands
in the state for the past 20 years.
The thesis is organized as follows. Chapter II contains the first article, entitled “The
Frequency and Duration of Private Forestland Ownerships in Mississippi for Selected Counties
Since 1999.” The ownership duration of private forestlands for eight counties was assessed using
the tax roll data to analyze with non-parametric duration analysis to identify a trend of
parcelization of private forestland over the past 20 years. Chapter III contains the second article,
entitled “The Determinants of Ownership Duration for Private Forestlands in Mississippi.” The
factors associated with the duration of ownership for the private forestland owners in Mississippi
were analyzed using parametric duration analysis from 1999 to 2019 under three scenarios for
the entire state, for urban and rural categories and separately for each county. Lastly, Chapter IV
contains the overall conclusions and future research for the thesis.

5

CHAPTER II
THE FREQUENCY AND DURATION OF PRIVATE FORESTLAND OWNERSHIPS IN
MISSISSIPPI FOR SELECTED COUNTIES SINCE 1999
Introduction
Non-industrial Private Forest (NIPF) owners control one-third of the nation’s forestland
and play a vital role in the economy. The small-forest problems began with an increase in the
number of NIPF owners due to woodland subdivision, which resulted in different intentions,
limitations, and management goals. The NIPF owners are identified as managing their forests
less intensively than other ownership groups (Hatcher et al. 2013). The NIPF has been a critical
issue in the nation’s forest policy since the early twentieth century. There was considerable effort
to engage landowners and increase their participation in active forest management activities
(e.g., forest stewardship program and farm bill programs) (Markowski-Lindsay et al. 2018).
Considerable research since then confirmed NIPF owners do have patterns to their behavior in
managing the forests since they manage most of the nation’s most productive timberland.
Most of the NIPFs still produces timber with a varied set of owners with different
objectives as most of the productive and heavily managed forestlands have changed ownerships
in the past decade. Forecasts of the impacts of the ownership change on investment can only be
speculative at this point but will play an essential part in determining future timber supply (Wear
and Greis 2013). Forest property owners are not identical, and they have different intentions and
views of their land (Davis and Fly 2010). Most NIPF owners have indicated that the size of their
6

forest parcel is too small to implement forest management practices. Literature specifies a
correlation between parcel size and landowners’ management decisions (Hatcher et al. 2013). It
is apparent that the smaller the forest parcel size, the more severe the limitations of economies of
scale. The forest tract size can make a massive difference in the owners’ attitudes and objectives
towards managing the land. The owner could consider a few options when making decisions
about their parcel. The owner may subdivide the property, sell the land without dividing, manage
for timber, aesthetics, or recreation, create a conservation easement, and pass the property to the
heirs. Some owners have many heirs, some have no heirs, some have heirs with different
interests, and others have heirs with no interest. As ownership changes hands, profit
maximization can dictate excessive timber harvest and property breakup. As the forestland
owner’s primary intention for the land is not sustaining the forest, the private forests will
continue to diminish in extent and quality in the future.
The NIPF parcel sizes in the United States range from at least one acre to thousands of
acres (Snyder et al. 2020). Nonetheless, most of the past studies' attention is given to parcels
equal to or more than 10 acres. Notably, the results from the USDA Forest Service’s National
Woodland Owner Survey (NWOS) have used 10 or additional forest holding acre for their
considerations for the studies over the past few decades. It does not indicate that the forest tracts
of less than or equal 10 acres are unimportant; as past literature indicates, over 60% of family
forests are less than 10 acres in size (Hatcher et al. 2013). According to the latest NWOS (2013)
findings, the primary decision-makers of the NIPF are over 62 years old. Of those, the primary
decision-makers are predominantly male (79%), white (95%), and non-Hispanic (99%). The
annual household income of private forest owners is similar to the average U.S. household
income (Butler et al. 2016). The NIPF owners hold their land for diverse reasons. The most
7

common reason to own a piece of forestland is for aesthetic and recreational performs. Currently,
receiving financial benefits from the forests appears to be less attractive. Nearly 50 million acres
of NIPF land will likely or very likely sell or give away some or all the property in the next five
years (Butler et al. 2016). Based on NWOS (2013), there had been a 1.8 million acre increase in
the category of NIPFs, while there was a net loss of 5.1 million acres of NIPF in the United
States. The exact reason for the loss/change of private forestland is unknown; it is likely to
include losses due to agricultural development and urbanization.
Urban land in the conterminous United States is projected to nearly triple over the next
several decades, increasing from 3.1% in 2000 to 8.1% in 2050 (Nowak and Walton 2005).
Population centers in the U.S. are expanding. The U.S. Census Bureau estimated Mississippi’s
2015 population to be 2.99 million, while the 2020 population increased to 3.15 million. Most of
this population increase in Mississippi occurred in proximity to established metropolitan areas,
including DeSoto County near Memphis, TN, the counties surrounding the Jackson metroplex of
Hinds, Madison, and Rankin counties Hattiesburg and the Mississippi Gulf Coast. (Merem et al.
2018). Forest resources play a significant component of Mississippi’s economic base, covering
over 19.6 million acres, or 65% of the state’s total land area (Oswalt 2009). The value of
Mississippi’s timber harvest has exceeded $1 billion each year since 1993 and reached a record
of 1.45 billion in 2005. The total industry output of Mississippi's forest products industry
generates an economic impact of nearly $17.4 billion annually. The forest products industry
accounts for $7.1 billion annually in value, added economic impact and contributes to 8.3% of all
jobs in Mississippi (Dahal et al. 2013). The number of forest landowners in Mississippi has
increased from 185,000 to over 368,000, while the average parcel size of forestlands has dropped
from approximately 76 to 50 acres between 1978 and 1996 (Londo and Grebner 2004).
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Mississippi experienced some notable changes in forest acreages under the various forest types
in the form of declines. Some gains that may be attributed to reforestation efforts by some
operators over the past decade (Merem et al. 2018).
Urban development directly displaced some trees and forests, but it also increases
population density and associated human activities and infrastructure, affecting forests and their
management. Expanding urbanization threatens forest sustainability through an increased risk
from the fire at the wildland-urban interface, exotic pest infestations, unmanaged outdoor
recreation, and forest fragmentation. Simultaneously expanding urbanization increases the
importance of urban forests in terms of their extent and the critical ecosystem services they
provide to sustain human health and environmental quality in and around urban areas. These
changes in the society can directly/indirectly influence the creation of structural and functional
changes in the forest cover. As forests are a significant component of the lives of people in
Mississippi, it is crucial to study the ownership duration under the NIPFs to sustain the
woodlands for future generations.
The Problem of Forest Parcelization in the United States
According to NWOS (2013) findings, 83% of NIPF owners do not earn income from
their forestland. Simultaneously an increase in rates of forestland parcelization and future landuse intent trends suggest the possibility of change hands of NIPFs shortly (Markowski-Lindsay
2018). According to the 2000 draft of the Resource Planning Act Timber Assessment, the USDA
Forest Service projects that the United States will lose about 23.2 million acres of forestland over
the next 50 years. Most of the conversion to other uses is expected to come from NIPF
ownerships. Notably, even industrial timberland is anticipated to be lost, as forest products
companies restructure their holdings and sell off the property for real estate development
9

(Lönnstedt and Sedjo 2012). However, over the past decades, the larger NIPF lands have broken
into smaller parcels among many landowners with diverse objectives (Kaetzel et al. 2012). Many
changes in small-scale forest ownership, such as forest fragmentation, parcelization,
urbanization, and connected lifestyle changes have been a challenge to forestry professionals and
policymakers (Hatcher et al. 2013; Snyder et al. 2020). Nevertheless, this could be viewed as a
positive change when considering that it is beneficial for people to have a connection with nature
through forest ownership. Such a connection might enable more profound transformations of
socio-ecological systems adopted by forests (Hujala and Butler 2020). The economic aspects of
small-scale NIPF ownership are important because owners are often families or private
individuals using the land to provide for some share of their livelihood (Toscani and Sekot
2017). However, this share has been declining due to societal changes. Additionally, such
owners often live in rural and less economically saturated regions (Hujala and Butler 2020) and
smaller forest parcels are more challenging for timber harvests and limit the economies of scale
(Hatcher et al. 2013).
A large intergenerational NIPF ownership change will lead the US in the next two
decades (Karppinen 2012) as it is essential to understand the management goals and interests of
these new owners as forests also contribute significantly to the provision of common goods such
as water quality and wildlife. Karppinen (2012) concludes that most of the next generation of
NIPF owners had little involvement with their parents’ forests and did not intend to become
more involved. A large share of the future owners were rather well-paid professionals in fields
other than forestry. Most future owners lived further away (absentee owners) from their family
forests and did not plan to move closer to the forests, but they still wanted to inherit the land in
the future. However, many of the children of forest owners did not want to become involved in
10

commercial management of the forests, which may lead to changes in applied forestry in the
future. Although future owners, in general, felt that land should remain forested, they did not
exclude, in case of financial emergency, the possibility of land conversion, division and sale.
Therefore, further fragmentation or conversion of forestland may accelerate in the future, which
points out the need to revise the existing landowners’ assistance programs (Mater 2005).
Smaller patches of forestland and greater segregation of these patches due to
fragmentation/parcelization have been considered as one of the greatest threats to biodiversity
worldwide. Parcelization is the division of more extensive forest tracts held in single ownership
into smaller parcels with many owners (Mundell 2007) and Mehmood and Zhang (2001) defined
the increasing number of NIPFs cause parcelization, while the average size of parcels decreases.
Parcelization of forest properties and associated increases in population density tend to diminish
forest functionality for wildlife, watershed, or timber (Best 2002). Smaller forestland parcels are
being generated at an accelerated rate. As forest parcel size decreases, options for effective forest
resource management diminish. These smaller, fragmented, and sometimes unconnected forest
patches are more expensive and complicated for effective traditional timber resource
management. Diminishing forested parcel sizes increase the number of forest owners, and their
different land-management styles and objectives lead to problems in commercial forest resource
management. Smaller properties complicate the pursuit of owner’s management objectives, such
as controlling invasive species or improving habitat for wide-ranging animals and increasing the
cost and complexity of providing information and assistance to a growing number of private
forest owners.
Parcelization reduces more extensive resource-rich forested tracts to smaller recreational
plots, which may not be available for future harvesting purposes. Forest parcelization is an
11

ongoing process and will continue and ensure that the size of forest holding will remain a central
issue for family forest management (Hatcher et al. 2013). It is essential to keep an eye on the rate
of parcelization in the United States as the future of the nation’s forested lands is highly
associated with the decisions of an increasing number of NIPFs. Many of the nation’s forested
lands have been parceled for several reasons, creating a need to study trends of forest
parcelization. Parcelization is creating smaller forestlands, which leads to new landowners with
less interest in forest resources production (Decoster 1998). Two very distinct ways of observing
the NIPFs are the numbers of owners and the acres they process. Nearly 60% of southern NIPFs
own between one and nine acres. On the other hand, looking at the distribution of forest acres
confirms 60% of all family forestland is in holdings of 100 acres or more. Both ways of looking
at the data can often be useful; the two concepts are often considered together (Butler and Wear
2013). There are past studies (Mehmood and Zhang 2001; Gobster and Rickenbach 2004; King
and Butler et al. 2004; LaPierre and Germain 2005; Germain et al. 2006; Kilgore 2007; Mundell
et al. 2010; Kilgore et al. 2012; Hatcher et al. 2013; Kilgore et al. 2016; L’Roe and Rissman
2017) identified the causes and effects of parcelization. Many of them have used the average
parcel size to define the concept of parcelization. The study hypothesizes parcelization as a cause
of lower ownership durations associated with the average size of parcels for the state of
Mississippi. The study was designed to identify the trend of NIPF parcelization for the past
twenty years associated with frequent change in the hands of ownership.
Methodology
Non-Parametric Duration Analysis
Duration analysis is also known as survival analysis/time-to-event analysis/reliability
analysis in various fields of study. Duration analysis is mainly occupied in studying the
12

occurrence and time of an event (Alison, 2010). It can be divided into major categories based on
the type of analysis based on the data used for the study and study objectives. Non-parametric
(e.g., the product-limit survival curve estimator) and semi-parametric (e.g., the cox proportional
hazards model) methods play the most critical role in duration analysis have the flexibility to
accommodate a wide range of hazard function forms. Parametric duration analysis is applied
when survival data can approximately follow a parametric distribution (Moore 2016). Nonparametric and parametric duration analysis methods were employed in this study. A nonparametric duration analysis was used to analyze the median survival probability of the NIPF and
was mainly employed to examine the frequent ownership changes. In contrast, a parametric
duration analysis was used to examine the determinants of the length of ownership for the NIPFs
in Mississippi in the next chapter (Chapter III).
The study used tax roll data for 20 years to select a sample of eight counties representing
NIPFs in the state of Mississippi. The sample selection was restricted to eight counties due to
budget limitations and availability of data only for 21 counties (purchased from Data Systems
Management Inc, Columbus MS) from 1999 to 2019. The eight counties were chosen, including
those with urban/rural, poor or rich forest resources, and lower or higher income per capita to
avoid a sample with each county having abundant forest resources in the end, to have some
contrasts between these counties. The sample counties selected were Attala, Coahoma, Hancock,
Holmes, Sunflower, Winston, Yalobusha, and DeSoto. The counties were mainly divided into
urban (Coahoma, DeSoto, Hancock, and Sunflower) and rural (Attala, Holmes, Winston, and
Yalobusha) categories based on the 2010 U.S. census. At the time of the 2010 Decennial Census,
almost 60 million people, about 19% of the population, lived in rural areas of the United States.
The Census Bureau used a definition based on population density and other dense development
13

measures when identifying urban territory. The Census Bureau’s definition of urban was
primarily based on residential population density and a few other land-use characteristics to
identify densely developed territory. The territory identified must encompass at least 2,500
people, at least 1,500 of which reside outside institutional group quarters to be categorized as an
urban area. “Rural” encompasses all population, housing, and territory not included within an
urban area. Counties with less than 50% of the population living in rural areas were classified as
mostly urban; 100% rural are classified as entirely rural.
Each tax roll included thousands of ownership/deed data for a specific year for private
and public forest parcel owners. The study focused mainly on the privately-owned deed records
and excluded the public holdings data in the tax rolls. Tax rolls consists details of the tract
(parcel number, owner’s name, owner’s address, the Public Land Survey System (PLSS)
coordinates of the parcel, deed dates, cultivated acres, uncultivated acres and forest acres) and
details on the value of the land (the total appraised and the total appropriated value of the
property).
All standard approaches to duration analysis are probabilistic or stochastic. That is, the
times at which events occur are assumed to be realizations of some random process. There are
many different survival data models, and the probability distribution often distinguishes one
model from another (Alison 2010). A key characteristic of survival data is that the response
variable is a discrete or continuous random variable and signifies the time from a definite origin
to a well-defined event. The second characteristic of duration analysis, censoring, arises when
the starting or ending events are not precisely observed. The most common example of this is
right censoring, which results when the final endpoint is only known to exceed a value (Moore
2016) (e.g., If a parcel is sold after the year 2019, the specific event is right censored). Less
14

commonly, one may have left censoring, where events are known to have occurred before a time
or interval censoring (Moore 2016) (e.g., If a parcel has been sold before 1999, the event is leftcensored).The duration of ownership (years) or the event of interest (selling the parcel between
1999 and 2019) was obtained by the difference between deed changes recorded in the tax roll
data. (e.g., if the parcel was sold before 2019, the variable “event” was created for the specific
parcel). The ownership duration was the dependent (focal) variable for the study.
The main components of non-parametric duration analysis are the survival (survivor)
function and the hazard function. The survival function is the probability of survival as a
function of time. The function is defined as the instantaneous risk that the event of interest
happens, given that the event has lasted up to the time t. The Kaplan-Meier (K.M.) product limit
estimator is employed in this study to analyze the survival probability of the NIPF landowners in
Mississippi.
The duration of ownership refers to the time between its start and end of a deed for a
specific parcel, e.g., the ownership duration of four years is between 2005 and 2009. Let the
survival rate of S(t) denote the probability or rate that the parcel's trade has not occurred by
time t, where t can be any non-negative number. If there are a number of parcels sold within the
study period, then the K.M. estimator, (t) is a sample proportion of observations that have not
been sold by time t (Allison 2010). The estimator can also take censoring information into the
calculation. Mathematically, the K.M. estimator can be expressed as:

𝑆̂(𝑡) = ∏ (1 −
i: ti ≤t

𝑑𝑖
)
𝑛𝑖

(2.1)

At which each period i, ti is the duration of ownership, ni is the number of observations at risk,
and di is the number of ownerships that end.
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Empirical Results and Discussion
The study examined a total of 48,380 NIPF ownerships from 1999 to 2019 for the
selected eight counties.
Descriptive Statistics
Table 2.1 outlines the percentage of ownership change, average duration of ownership,
parcel size and forest extent by county for NIPF ownerships in Mississippi for the past 20 years.
Based on the results, the number of total forestland ownerships for rural counties were higher
than that of urban counties. The percentage of NIPF ownership change for the past 20 years
ranged from 39% to 41%, signifying similar forestland deed transfer patterns for the eight
counties. Approximately 60% of the original landowners did not changed their ownership of
their forestland within the 20 years. The average forestland ownership was seven years and all
the counties followed the similar pattern. The average parcel/tract size is larger for urban
counties than for rural counties.
Based on the results from Table 2.1, most of the NIPF owners were inherited in rural
counties with a larger extent of forest. A large number of owners with an average of 45 acres of
forest in rural areas and lower number of forest owners with lesser forest extent in urban areas
reveals that there may be an effect on the urban forests due to residential projects, agricultural
development and social and economic factors in the society. Explosive growth rates in urban
areas of the inland Southeast, Florida, California, and Washington have fueled forest loss while
living in or around the woods appears to be a growing lifestyle trend (DeCoster 1998). Overall
population growth, increasing numbers of older people, smaller households, growing incomes,
and the shift of people to warmer, rural regions (Best 2002) may be the major reason for the
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above trend. The NIPF owners may find it profitable to trade their rural land as those regions will
convert into suburban or urban areas in the future.
Table 2.1

Summary statistics of NIPF ownerships from 1999 to 2019 in Mississippi

County

Total
Number of
landowners

Ownership
change (%)

Average
forestland
ownership
(years)

Average
parcel size
(acres)

Average
forest size
(acres)

10677
8148
9465
5058
8337

40.51
43.23
40.83
42.27
41.71

7.18
6.72
7.15
7.13
7.04

56.19
68.58
44.66
60.15
57.40

50.15
46.97
38.04
44.95
45.03

2195
2345
4543
5949
3758

42.82
33.56
41.84
40.12
39.59

6.94
7.74
6.76
7.68
7.28

125.20
60.45
44.87
107.60
84.53

27.93
26.58
35.63
23.18
28.33

6047.50

2483.13

7.16

70.96

36.68

Rural
Attala
Holmes
Winston
Yalobusha
Mean for rural
Urban
Coahoma
DeSoto
Hancock
Sunflower
Mean for urban
Mean for all

Identifying the precise location of the parcel was essential to identify the landowner’s
distance to the forest tract and to find the distance to the closest metropolitan city. The property
location was identified using the Public Land Survey System (PLSS) coordinates for Mississippi
and Zipcode data. Both the county PLSS shapefiles and ZipCode data were overlaid using GIS
software to identify the exact location (latitude and longitude) and the relevant Zipcode of the
parcel. Simultaneously, the distance from the exact parcel location to the landowner’s location
was obtained (in kilometers). The Euclidean distance to the closest metropolitan city from the
parcel location was also obtained using the locations (latitude and longitude) of metropolitan
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cities in Mississippi and the cities in the states (Alabama, Louisiana, Tennessee, and Arkansas)
adjacent to Mississippi and the Euclidian distance to the nearest metropolitan city from the parcel
location was identified.
Some research defines absentee owners as those who live any distance off their forestland
(Kilgore et al. 2007), others have invoked various distance thresholds when defining absenteeism
ranging from more than one mile from one’s forestland (Butler et al. 2016) to more than 75 miles
(Sagor and Becker 2014). Others have defined absentee owners as those who live in a different
county than their forestland (Fortney et al. 2011), those with a mailing address different than
their parcel address (Bagdon and Kilgore 2013), or those spending two weeks or less per year on
one’s forested property. However, the absentee ownership was defined as those with a mailing
address different than their parcel location for this study.
Figure 2.1 shows the scattering of absentee NIPF landowners for the past 20 years in
Mississippi. Approximately 59% of the NIPFs were absentee owners. Based on the figure, a
substantial number of absentee owners were from the south-central and southeastern United
States. Most of the massive clusters of absentee NIPF landowners were from Alabama
(Birmingham), Georgia (Atlanta), Texas (Dallas) and Tennessee (Nashville) excluding the
ownerships spread all over the state of Mississippi. The study found that the median distance
from the forest to the owner’s residence to the parcel for urban counties was 9.38 miles, while
16.57 miles for rural counties. Eighty-three percent in urban counties and 67% in rural counties
were absentee forestland owners who own forestlands less than or equal to 50 acres. From the
parcels that have been sold in the period of the great recession from 2007 to 2009, 84% in urban
and 70% of rural NIPFs was smaller parcels less than or equal to 50 acres. Based on the results,
most of the absentee NIPF owners hold parcels less than 50 acres. However, if the absentee
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owner’s primary intension is not sustaining the forest, most of the forest parcels will likely or
very likely will be sold for other uses in near future. Based on the current economic recession
experienced in the year 2020, there will be a substantial ownership change in the category of
absentee NIPF owners in a few years.

Figure 2.1

Distribution of absentee owners for NIPFs from 1999 to 2019 in Mississippi

Note: One dot is similar to one absentee private forest landowner for the eight counties

Table 2.2 summarizes the average ownership duration of NIPFs and the number of new
ownership changes from 1999 to 2019 for all the eight counties. The average duration of
ownership was calculated from the ownerships that began each year. (e.g., the average duration
of tenure for the ownerships started in 1999 was 12.06 years). The average duration of NIPF
ownership decreased over the 20 years for both the urban and rural counties as the number of
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new ownerships that began each year were approximately constant for both the urban and rural
counties. The number of new ownerships started each year for rural counties was larger than
urban counties, mainly due to larger number of ownerships in the category.
Table 2.2

The average duration of NIPF ownership and number of new tenures from 1999 to
2019
Urban

Year
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Average ownership
duration (years)
12.06
11.98
11.24
10.18
9.75
9.78
9.06
9.40
8.32
8.34
6.42
6.62
5.85
5.03
4.43
3.78
3.02
2.37
1.40
0.51

Rural
Number of new
ownerships
665
721
612
854
857
977
953
995
832
981
633
716
633
795
683
641
639
606
644
595

Average ownership
duration (years)
11.40
10.80
11.30
10.70
10.10
9.50
8.70
8.60
8.30
8.20
7.30
6.40
5.80
5.30
4.50
3.80
3.10
2.30
1.40
0.50

Number of new
ownerships
1925
1847
1947
1474
1570
1819
1627
2194
1681
1620
1380
1694
1448
1462
1524
1624
1555
1912
1447
1598

The results from Table 2.2 support evidence to support there is a trend of parcelization
due to the growth of the frequency of ownership changes associated with the lower duration of
ownerships of NIPFs in Mississippi. Figure 2.2 shows the change in the number of NIPF
ownership acre groups (one to 10, 11-50, 51-100 and 101- 1000) between 1999 and 2019 for the
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eight counties. For this study, the parcel size and forest sizes were categorized into four
subsections as between one to 10 acres, 11 to 50 acres, 51 to 100 acres, and 101 to 1000 acres.
The figure is divided mainly into the two categories as urban and rural. The two top and bottom
figures in the left recognize the difference in the number of parcel sizes from 1999 and 2019 and
the other top and bottom two figures to the right identifies the change in the number of forest
parcels from 1999 to 2019.

Figure 2.2

The change in the parcel and forest sizes from 1999 to 2019 for urban and rural
counties
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There was a significant increase in parcels sizes between one to 10 acres while there was
a significant loss of larger tracts for both urban and rural counties by the year 2019.
Simultaneously, there was a large number of forest parcels greater than 10 acres subsumed by the
year 2019 for both urban and rural counties. The largest loss for urban counties were in the form
of forest parcels of 11 to 50 acres and the loss was significant for the forest parcels greater than
100 acres rural counties. There had been a trend of increasing smaller parcels for the eight
counties. Smaller parcels are a result of parcelization. Similarly, larger parcels have been lost for
the past 20 years in the state. These losses may be due to agricultural development or
urbanization. Overall, the number of NIPFs have been increasing annually with increased
number of smaller parcels less than 11 acres followed by subsequent lower NIPF ownership
durations for the state for the past 20 years.
Non-Parametric Duration Analysis
The two critical ways of specifying the survival distribution are the survival function and
the hazard function (Moore 2016). Non-parametric duration analysis in this study estimated the
time interval between the beginning and the end of the ownership, considering whether the event
of interest; whether the parcel has been sold within the study period (from the year 1999 to
2019). The median survival probability for eight counties is shown in figure 2.3. The median
survival probability for urban DeSoto and Sunflower counties was higher than that of Coahoma
and Hancock counties. The median survival probability for rural, Attala, Holmes, Winston and
Yalobusha Counties was approximately 10 to 15 years. The median survival rate for rural
counties was comparatively lower than the urban counties. These results indicate that the NIPF
landowners tend to sell their forestland nearly between 10 to15 years of median duration of
ownership, which may yield smaller rotation periods for forest management. The lower
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ownership durations may dictate loss of interest on the forestland or higher appreciation rates
gained by trading the parcels for real estates. Figure 2.3 illustrates the survivor function S(t) at
time t, and the probability of selling the piece of land followed by not trading the land is higher
than the given time. The general trend was the survival probability decreased over time until the
last parcel was censored. Based on the survival probability curves, it was evident that
approximately 30% of forestland owners had survived without trading their property by the end
of 20 years.

Figure 2.3

Survival probability for urban and rural counties

23

The survival probability declines over the past 20 years and have not come to a constant.
This trend indicates that future NIPF owners will follow the same pattern of behavior under
similar socio-economic patterns in the state. The survival function is often defined in terms of the
hazard function, which is the instantaneous failure rate. It is the probability given that a parcel
had survived up to time t, it fails in the next small interval of time divided by the length of that
interval (Moore 2016). The hazard of survival can be clearly identified using the cumulative
hazard function. The cumulative hazard is commonly used to estimate the hazard probability.
It’s defined as;

H(t) = −log (survival function) = −log (S(t))

(3.2)

The cumulative hazard (H(t)) corresponds to the number of events expected for each
individual by time t if the event is a repeatable process. The interpretation of Figure 2.4 is that
the hazard experienced by owners was decreasing since the gradient/slope of the cumulative
hazard function is increasing at a decreasing rate over time. As time progresses, more of the
high-risk owners were failing, leaving a larger and larger proportion of low-risk owners as the
surviving individuals. Since the low-risk owners had a lower hazard, the apparent hazard was
decreasing. This difficulty or issue with interpreting the hazard function arises because the study
assumes that the hazard function is the same for all subjects in the group.
The hazard varies between subjects, may observe the risk of changing because of socalled ‘selection effects’, the high-risk individuals (on average) fail early, such that the
remaining subjects have, on average, lower hazard than the hazard of the group at t = 0. The
above trend is mainly due to the failure of the high-risk parcel owners leaving the low-risk parcel
owners in the sample. The high-risk owners are the owners who have a lower duration of
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ownerships along with multiple transactions for the parcel. The owners who do not intend to the
trade the NIPF parcels are the low risk owners who retain in the land by the end of the study after
20 years.

Figure 2.4

Cumulative hazard for urban and rural counties

The overall trend revealed that the hazard for changing hands of the NIPF parcels have
been increasing over the past 20 years. Figure 2.5 demonstrates the survival probability of the
four forest acre groups separately for urban and rural counties. a median survival rate of less than
15 years of duration was shown for the groups of 11 to 50 acres and 51 to 100 acres. The largest
group of 101 to 1000 acres illustrated the lowest median survival probability for both the urban
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and rural categories. The overall pattern deviated from DeSoto and Hancock counties. They are
highly urbanized areas in Mississippi, and the median survival probability of the groups tends to
be longer than the other six counties. The reason for the trend in highly urbanized counties may
be mainly due to the increased satisfaction of lifestyle in an urban county closer to natural
resources.

Figure 2.5

The median survival probability of NIPFs for urban and rural counties
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Figure 2.5 (continued)

This trend of survival supports a pattern of parcelization as the smaller ownerships tend
to have lower survival probability. In contrast, the larger parcels with higher forest percentages
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tend to have a lower median survival probability. The parcels with dominant forest acreage tend
to be more prone to ownership changes than the parcels with lower forest cover. The trend is not
beneficial towards the sustainability of the forestry sector in the state as the forested parcels tend
to diminish in size, quality as they are more prone to change hands abundantly.
Conclusions
The chapter studied the frequency and the duration of NIPF ownership for the state of
Mississippi. Previous studies in the field mainly experimented the demographic characteristics of
NIPF owners, their propensity towards incentive programs, forest inventory programs, the
economic importance, and primarily concerns on timber production (Arano et al. 2006; Kilgore
et al. 2007; Mutandawa et al. 2016). Even though the concept of parcelization had been studied
from the early twentieth century in the United States, it’s surprising none of the past studies
observed the trend of parcelization of NIPF lands associated with the durations of ownerships.
The study goal was to fill the research gap to identify the behavior of private forestland owners
in Mississippi to determine whether there had been a trend of NIPF parcelization. There was a
significant increase in smaller NIPF parcels between one to 10 acres for the past 20 years while
having a substantial loss of larger parcels. There was a more substantial decline in the number of
parcels with forest acres 11 to 50 for urban counties, while there was a loss of forests with more
than 100 for rural counties by the year 2019. The average ownership duration of NIPF declined
over the 20 years for both the urban and rural counties as the number of new parcel ownerships
that started each year was approximately constant for both the urban and rural counties.
Forty-four percent of family forestlands in the United States (approximately 117 million
acres) is controlled by absentee owners who do not reside on their forestland (Butler et al. 2016).
Absentee owners have been identified as unmotivated, unengaged, or less active than resident
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landowners (Kittredge 2009; Sagor and Becker 2014). There are examples in the literature that
illustrate that absenteeism reduces the likelihood of landowners undertaking specific forest and
land management activities. (Hendee and Flint 2013; Sagor and Becker 2014; Young et al.
2015). The study found that the median distance from the forestland to the owner’s residence for
urban counties was 9.38 miles, while 16.57 miles for rural counties. Eighty-three percent in
urban counties and 67% in rural counties were absentee forestland owners who possessed
forestlands less 50 acres. From the parcels that have been sold in the period of the great recession
from 2007 to 2009, 84% in urban and 70% in rural land have been smaller parcels less than 50
acres. Approximately 59% of the private forest landowners were absentee owners for the state of
Mississippi for the past 20 years. The results indicate that there is a critical need to raise
awareness and to facilitate forest management among absentee owners by increasing their
membership in landowner associations and conservation programs. However, future research is
needed to assess the landowner participation in forestland management activities, timber
harvesting and wildlife conservation.
The non-parametric duration analysis results indicated the median ownership duration
was approximately between 10 to 15 years for the selected eight counties. The cumulative hazard
experienced by owners increased as the slope of the cumulative hazard function increased at a
decreasing rate over time. As time progresses, more of the high-risk NIPF owners were failing,
leaving a more significant proportion of low-risk parcels. Since the low-risk subjects have a
lower hazard, the apparent hazard is decreasing. These ownerships may probably transfer their
land or subdivide among the heirs or sold away for development projects shortly in the future.
Therefore, there is a need to identify these owners and their heirs and encourage them to
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commercialize their land in terms of timber production by providing the needful guidance they
expect.
There had been a trend of increasing smaller parcels for the eight counties. Similarly,
larger parcels have been lost for the past 20 years in the state. These losses may be due to
agricultural development or urbanization. Overall, the number of NIPFs have been increasing
annually with increased number of smaller parcels less than 11 acres followed by subsequent
lower NIPF ownership durations for the state for the past 20 years. Based on the above findings
on ownerships, parcelization can be defined as a trend of the number of smaller NIPF parcels
increases as the average duration of ownership decreases over time. It is essential to pay attention
to NIPFs who own less than 11 acres of forestland to minimize the amount of trade and
subdivision and to encourage the landowners to combine the segregated small parcels together as
new more extensive tracts with abundant forest resources to motivate them to engage in
commercial forest resource management.
It is crucial to influence NIPF owners to produce timber or to invest in the form of
conservation easements as many owners are not willing to participate in financial incentive
programs or they are not aware of different forms of financial returns that can be gained from the
forests. Examples of federal and state conservation programs in Mississippi include the Wetlands
Reserve Program, Forest Resource Development Program, Wildlife Habitat Incentive Program,
Conservation Reserve Program, and Mississippi Reforestation Tax Credit Program (Measells et
al. 2005; Sun et al. 2009). Low familiarity and participation with conservation programs and
financial incentives are among the challenging constraints for land management practices in
Mississippi (Mutandwa et al. 2016). However, new regulatory and policy modification is highly
recommended to conserve the smaller private forest holdings with lower ownership durations.
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CHAPTER III
THE DETERMINANTS OF OWNERSHIP DURATION FOR PRIVATE FORESTLANDS IN
MISSISSIPPI
Introduction
An increase in the rates of parcelization of Non-Industrial Forest (NIPF) lands has
become a significant cause to alter forest extent and quality in the recent past in the United States
(Mehmood and Zhang 2001; Kilgore et al. 2007; Mundell 2007; Hatcher et al. 2013). Even
though private forestlands make up a majority of forest ownership and play a critical role in
contributing economic, ecological, and quality of life, this concern is less particularly heightened
in Mississippi. There are various effects associated with frequent ownership changes with the
increase in the number of NIPF owners and parcelization as they place both the quantity and
quality of timber supply in the nation at risk (Germain et al. 2006; Arano et al. 2002). The study
conducted by Gregory et al. (2003) implies that increasing parcelization may reduce timber
availability over a range of prices. Relying on NIPFs as the primary source of timber is uncertain
for the United States with the rapid changes in the structure and functionality in the ownership
category.
The southern U.S. wood supply chain has undergone significant changes over the past
two decades in terms of forestland ownership and forest industry structure, particularly of how
the tract size, forest ownership, and forest industry structure have changed within the southern
U.S. and how foresters expect the wood-energy market to impact the wood supply chain in the
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future (Conrad et al. 2010). There are currently inadequate markets for timber due to expanded
timber supply and reduced forest products industry capacity. The percentage of respondents
reporting an average harvest tract size over 40 acres decreased from 95% in 1999 to 70% in
2009. Only 47% predict an average harvest tract size of over 40 acres in 2019 in the southern
United States (Conrad et al. 2010). The decreasing harvest tract sizes, increasing rates of
urbanization, and a decline in the forest products industry are the foremost lingering issues for
the landowners, mills, foresters, and loggers in the South. Forest tracts less than 25 acres limit
the economies of scale of forest management and reduce the potential for sustainable forest
management (Row 1978). The NIPFs continues to be a change agent in the forms of
parcelization. Parcelization can occur without forest fragmentation if the adjoined parcels retain
their continuity without significant disruption. The central problem rises as the average parcel
size decreases with the loss of the economies of scale in a forest.
Urbanization is one of the leading causes of parcelization, and it is more pronounced at
the urban-rural interface. As primary forest owners change the hands of ownership, new owners
tend to have different management objectives (Butler et al. 2006; Germain et al. 2006; Mondal et
al. 2013; Markowski-Lindsay 2018). Parcelization is common near cities, highways, water, and
public lands and is closely tied to development and development activity take place soon after
parcelization (Mundell et al. 2010). The size of forest holding, and characteristics related to
occupation, level of education, and land tenure are positively associated with landowner adoption
of incentive-based forestry practices (Hatcher et al. 2013). One problem is that NIPFs are not
generally aware of forestry incentive programs, and participation rates are less than 50% (Sun et
al. 2009). The second problem is that many family forests are small and lack of economies of the
size necessary to implement forestry practices (Hatcher et al. 2013).
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Environmentalists, recreationists, and timber industries feared that parcelization of the
forest and land ownership changes would impede traditional forest practices. As parcelization
and fragmentation continue, fewer private forestland ownerships will be available as active
forests in the future. This chapter examined the drivers of parcelization for the state of
Mississippi; given the assumption, lower ownership duration is a leading factor for NIPF
parcelization. Parcelization research has motivated on distinguishing trends, implications and
activities of parcelization and to a lesser degree, quantification of drivers of parcelization. The
study examined the drivers of parcelization related to research in the United States.
Drivers of Private Forestland Parcelization in the United States
The idea of parcelization was incorporated into the general forestry literature from the
early nineteenth century. Even though the term ‘parcelization’ was not well defined in the 1900s,
fragmentation was highlighted as a significant cause of forest alteration. In the early twentieth
century, Decoster (1998) proposed the immediate need to focus on conservation easements that
can be a cause of smaller tract sizes due to parcelization. Germain et al. (2007) identified two
fundamental alterations leading to parcelization; (i). Deviation in the pattern and structure of
NIPFs, (ii). Changes in the society in the United States, mainly due to urbanization leading to
poor forest management and productivity and unpredictable behavior of NIPFs, could enhance
the problem of parcelization.
Mehmood and Zhang (2001) have identified the drivers of parcelization in the United
States. They categorize drivers of parcelization into two clusters (supply and demand). Death,
taxes, and uncertainly are categorized under supply-side and lifestyle and urbanization under the
demand-side. The effect of death can be clarified in two means (i). The land may be divided
among heirs when the original owner dies, (ii). Property may be sold entirely or partially to cover
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estate and inheritance taxes. Taxes play a significant role in the forestry sector. If the tax rates
are higher than the appreciated income from the land and if the landowner does not participate in
any cost-share programs, the landowner may find it challenging to cope with the costs associated
with forestland management. The forestry sector is highly correlated with uncertainty, mainly
due to environmental regulation and various other ecological and social challenges. Uncertainty
in the industry leads to insecurity, and people tend to move away from forestry-related
investments. On the demand side, living around the woods in the latter part of life has become a
style. Many of the forestlands are now being used for aesthetic and recreational purposes,
describing the need for a lifestyle change in society. Urbanization plays a significant role in the
causes of parcelization. Growing cities, highways, and industrial development have been able to
digest a substantial number of private forestlands in the past and will continue.
Mehmood and Zhang (2001) have used an ordinary least square methods to analyze the
significance of drivers of parcelization. Based on their findings, the significant factors impacting
parcelization were death rates, taxes, urbanization, income, uncertainty, and cost-share programs.
Forest parcelization ensures that the size of forest holding is a fundamental concept in NIPF
research. The size of forest holding is not a cause of parcelization, but a result of it. However, as
the size gets smaller, it probably reaches a point where small becomes smaller, as there are limits
on what can be done with a smaller forest tract (Hatcher et al. 2013). A study has identified that
the diminishing size of forest tracts can lead to a decrease in forestland management and
investment by NIPF owners, and recreation opportunities (Rickenbach and Gobster 2003; King
and Butler 2005). Another study has examined parcelization in terms of change in average parcel
size between 1970, 1980, and 1999 for three counties in Michigan using digitalized historical
parcel maps (Drzyga and Brown 1999). They have used GIS software to calculate average parcel
34

size for each of the three counties. In this study, parcelization was calculated as the change in
average parcel size between each period. They have concluded the average parcel size has
declined for the three counties in Michigan while rates of parcelization varied.
Gobster and Rickenbach (2004) have identified the range of perceptions and concerns
about parcelization and development by public land managers, conservation and environmental
organizations, forest industry groups, non-industrial woodland owners, and other resourceoriented stakeholders. The study had identified four categories of parcelization in terms of
patterns, drivers, effects, and response strategies: (1). Patterns - Parcelization and development
exhibit a range of patterns on the forest landscape in terms of movement, distribution, size, and
rate of change. (2). Drivers - The attractiveness of the people’s concept of the good life,
combined with changes in the economic, demographic, and technological aspects of society, act
as causal agents behind increased parcelization and development. (3). Effects - While some
aspects of parcelization and development might benefit residents and nature, most effects
negatively impact recreational opportunities, forest health, local communities, and timber-based
economies. (4). Solutions - An integrated strategy will be needed to guide future growth and
attend the negative impacts of parcelization and development.
A few researchers have also assumed that parcelization may lead to both fragmentation
and development, which would lead to future forest management problems (Gobster and
Rickenbach 2004; King and Brett et al. 2004; Germain et al. 2006). LaPierre and Germain (2005)
analyzed forest parcelization rates in the New York City watershed using visual comparisons of
GIS coverage and paper maps. They have identified parcelization on NIPFs in the eastern half of
the Catskill/Delaware systems that have been occurring at a rate exceeding the national average.
The average parcel size is 14 acres, 10 acres below the current national average for NIPFs, and
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already below the projected national NIPF average parcel size of 17 acres for Delaware. Another
study had examined the extent and location of parcelization to identify the relationship between
parcelization and development activity between 1999 and 2006 (Kilgore 2007). They have
concluded that parcelization is more visible near metropolitan cities, water, and public lands. At
the same time, they suggest that parcelization is correlated to development activity, and
development occurs soon after parcelization (Mundell et al. 2010).
Kilgore et al. (2012) had studied average parcel size, Gini coefficient, Shannon Entropy
index, and adjusted mean parcel size to identify the relatedness in characterizing the extent to
which NIPF has become parceled in Minnesota. They have concluded the choice of metric,
landscape-scale, spatial and physical ownership features, and threshold to define when a property
is subdivided, which will influence the inferences on parcelization. L’Roe and Rissman (2017)
followed a dataset of forestland properties in Wisconsin previously owned by industrial and
corporate owners from 1999 to 2014. They examined that the land is entirely purchased if they
are neighboring to water, to public property, not next to roads, and had higher housing value.
Those lands are expected to be parceled if they are closer to a paved road, next to the water,
smaller in size, in a zoned municipality, and fewer in their tax program registration. The above
literature was used to identify the driving factors of parcelization to incorporate in a Weibull
parametric duration analysis model. This section of the study identifies a relationship between
several different covariates and their impact on the duration of ownership to examine the driving
factors associated with the ownership changes in the past 20 years for the NIPFs in the state.
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Methodology
Parametric Duration Analysis
Parametric duration analysis was employed in this section of the study to analyze the
covariates’ relationship with the duration of private forestland ownerships in Mississippi. Nonparametric and semi-parametric (e.g., the cox proportional hazards model) methods play the
most crucial role in duration analysis since they have the flexibility to accommodate a wide
range of hazard function forms. Parametric methods are appropriate when survival data shows to
follow a parametric form approximately and are often much easier to work with than the partiallikelihood-based models. The exponential, lognormal, logistic, Weibull and gamma distributions
could serve as survival distribution models in parametric duration analysis. The accelerated
failure time model (AFT) provides a complete characterization of the relationship between a
duration variable and covariates (Allison 2010). In its most general form, the AFT model
describes a link between the survivor functions of any two individuals. It is the most frequently
used method to utilize the likelihood ratio test to compare nested models (Allison 2010). The
generalized gamma model is the most general for duration analysis, and all others are its nested
models.
The exponential model is also nested within the Weibull model and the number of
significant parameter estimates can give some guidance for model identification. A useful
procedure for model identification is to inspect the estimated hazard function from each
distribution graphically. Sometimes, even if several distributions agree on the coefficient
estimates, they may have distinctly different implications for the shape of the hazard function
(Allison 2010). The estimated hazard function can be compared with the hazard curve from nonparametric duration analyses to identify the best distribution.
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After distribution is chosen, the specific forms of the probability distribution function and
survivor function is substituted into the log-likelihood function. Based on the AIC and maximum
likelihood method, the best model fit for this study is Weibull distribution. The Weibull model is
a slight modification of the exponential model, with significant consequences (Alison, 2010).
The model retains the assumption that the variance of ε has a standard extreme value distribution,
relaxes the assumption that scale parameter σ = 1. When σ > 1, the hazard decreases with time.
When 0.5 < σ < 1, the hazard increase at a decreasing rate. When 0 < σ < 0.5, the hazard increase
at an increasing rate, and σ = 0.5, the hazard function increases as a straight line with an origin at
0. The Weibull distribution has been the most popular parametric model in the duration analysis
literature, for two reasons. First, it has a relatively simple survivor function that is easy to
manipulate mathematically as follows:

1

𝑆𝑖 = exp {−[𝑡𝑖 𝑒 −𝛽x𝑖 ]𝜎

(3.1)

Where xi is a vector of the covariate values, and β is a vector of coefficients. Second, in addition
to be an AFT model, the Weibull model is also a proportional hazards model. This means that its
coefficients (when suitably transformed) can be interpreted as relative hazard ratios. In fact, the
Weibull model (and its occasion, the exponential model) is the only model that is simultaneously
a member of both these classes (Alison 2010).
The effect of covariates is incorporated by specifying a scale parameter, λ = exp (-β’x)
where x is the vector of covariates, and β is the vector of parameters. After taking the logarithm,
the log-likelihood function can be maximized, and metrics can be estimated. To interpret the
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estimation results, the original regression format in parametric duration analysis is semilogarithmic. A simple transformation of the parameter estimates (β) can provide more
interpretive values. For quantitative variables, a transformation of (exp (β)-1) is needed to give
the percentage changes in the expected duration time for one-unit change in the variable. For
dummy variables, the value provides the estimated ratio of the predicted duration time between
the group under consideration and the base (Moore 2016).
Empirical Results and Discussion
Variable Definitions
Data for parametric duration analysis were obtained utilizing the information from tax
roll data and several other external sources. The definitions of these variables are presented in
Table 3.1. Most data were self-evident, the rationale for the construction of some variables
needed an elaboration. The variables were categorized into three forms as the dependent
variable, censorship indicator and the independent variables. The dependent variable was the
length of forestland ownership of a parcel (dur). The censorship indicator was a dummy variable
equal to one if the forestland was sold before the year 2019 (event). The year 1999 was taken as
the starting point for the study, and the data beyond 1999 were left censored. When a parcel
remained without any event, it was considered a right-censored event. Parcel size (par_size), the
extent of forest acres in the land (ac_fore), the total assessed value of the property (val_assd),
were obtained from the tax roll data. The NIPFs were categorized into a dummy variable if the
land was under absentee ownership (dum_abs). The effect of the great economic recession was
obtained if the parcel was sold between the years 2007 and 2009 (dum_rec) and the Euclidean
distance to the closest metropolitan city from the parcel location was calculated (dist_met).
Forest extent was introduced into the model in four forms; (a). Forest ownerships between 1 and
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10 acres, (b). Owners with 11 to 50 acres, (c). Forests with 51 to 100 acres and (d). Owners with
101 to 1000 acres, to assess the relationship to the duration.
Table 3.1
Variable

The definitions, data sources, and summary statistics of the study variables
Definition (source)

Summary
Statistics (Mean)
Urban
Rural

Dependent variable
dur
The length of forestland ownership (years) (a)
9.50
9.19
Censorship Indicator
event
Equal to 1 if the land was sold before 2019; 0 otherwise (a)
0.43
0.45
Independent variables
par_size
The total size of a parcel (acres) (a)
85.54
55.55
(a)
*
ac_fore
Forest acreage of a parcel (acres)
27.54
44.48
(a)
val_assd
The total assessed value of the parcel (per thousand $)
10.31
4.09
(a)
dum_abs
Equal to 1 for absentee landowners, 0 otherwise
0.61
0.60
dum_rec
Equal to 1 if the parcel was sold from 2007 to 2009, 0
0.07
0.07
otherwise (a)
pri_tim.0
Sawtimber price in the year of selling the parcel (tons) (b)
27.10
26.88
pri_tim.1
Sawtimber price in the previous year of selling the parcel
26.56
26.39
(tons) (b)
rat_unem
Unemployment rate (%) (c)
7.43
7.56
(d)
num_deth
Number of deaths per year (per thousand persons)
0.51
0.24
(d)
hh_inc
Median household income (per thousand $)
39.50
33.31
crp
Number of conservation reserve program enrolments and
5.57
10.98
rental payments (per thousands of persons) (e)
res_pop
Resident population (per hundred thousand of persons) (d) 226.40
17.23
dist_met
Euclidean distance to the closest metropolitan city from
0.15
0.51
the parcel location (a)
hous_new
Number of new private housing structures authorized by
384.90
9.15
building permits(f)
Notes: Data sources are (a) study data; (b) Timber Mart South. (2018), (c) U.S. Bureau of Labor
Statistics (2020), (d) Mississippi State Department of Health (2018), (e) USDA Farm Service
Agency (2018) and (f) U.S. Census Bureau (2020). * The forest extents are grouped for four
different categories in the analysis (between one to 10, 11-50, 51-100 and, 101-1000 acres)
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The additional covariates for the study were collected from various sources separately for
each county from 1999 to 2019. The Sawtimber price was introduced to the study in two forms.
The study hypothesized the economic conditions in the previous year of selling the parcel could
create a direct/indirect effect on the landowner’s decision to sell the land. Therefore, Sawtimber
price in the year of selling the parcel and price in the previous year of selling parcel were
incorporated in the study (pri_tim.0 and pri_tim.1). The unemployment rate (rat_unem), number
of deaths per year (num_deth), median household income (hh_inc), number of conservation
reserve program enrolments and rental payments (crp), resident population (res_pop) and
number of new private housing structures authorized by building permits (hous_new) were
introduced to the model to examine the relationship of the covariates to the final model. The
Weibull parametric duration analysis was conducted in three forms for the study; as all counties
together to obtain the relationship between the ownership duration and the covariates for the
entire state, category-wise comparison (urban and rural) and individual county-wise comparison.
Results from the Overall Comparison
Table 3.2 illustrates the parametric Weibull regression results conducted to obtain the
relationship between the NIPF ownership duration and the covariates for the entire state of
Mississippi and for category-wise comparison (urban and rural). The results for overall
comparison indicate that the NIPF landowner ownership duration was longer with the increase of
the sawtimber price in the year of selling the parcel. The duration of ownership was lower with
three forest acre groups (11-50, 51-100 and 101-1000 acres) than the reference forest acre group
(Forest extent between one to 10 acres).
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Table 3.2

Results from overall and category-wise Weibull parametric duration analysis
comparison

Variable

Overall

intercept
par_size

**

0.000
-0.001**
-0.056
0.175**
19.177
0.197**
21.716
0.308**
36.112
0.000**
0.000
-0.153**
-14.172
0.224**
25.095
0.002**
0.165
-0.040**
-3.892
0.580**
78.585
0.051**
5.215
0.000**
-0.013
0.943**
156.653
0.001**
0.105
0.000**
-0.009
0.001**
0.069

**

0.007
0.000**
-0.049
0.100**
10.485
0.132**
14.075
0.209**
23.187
0.000
0.000
-0.224**
-20.04
0.270**
30.968
0.002**
0.155
0.027
2.722
0.848**
133.525
0.094**
9.877
0.000**
-0.015
0.054
5.504
0.002**
0.170
0.000**
-0.023
0.001**
0.056

0.000**
0.001**
0.056
0.074**
7.724
0.023
2.285
0.002
0.162
0.000**
-0.001
-0.139**
-12.992
0.196**
21.646
0.013**
1.277
-0.032*
-3.126
0.436**
54.627
0.055**
5.606
0.000**
-0.025
0.001
0.101
-0.147**
-13.666
0.000**
-0.014
0.004**
0.373

**

**

**

acFore11-50
acFore51-100
acFore101-1000
val_assd
pri_tim.0
pri_tim.1
num_deth
dum_abs
dum_rec
rat_unem
hh_inc
dist_met
res_pop
crp
hous_new
log (scale)

Urban

Rural

0.000
0.000
0.000
Notes: The numbers in the second line of each covariate are the impact of the variables, and it was equal to (exp (β)
-1) *100, where β is the estimate. Asterisks (∗ and ∗∗) denote significance at the 10% and 1% level, respectively.
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The duration of NIPF ownership was lower with the increase in the sawtimber price in
the previous year of selling the forestland, with an economic recession, and when the parcel is far
away from a metropolitan city, with the increase of resident population and an increase in the
new private housing structures authorized. A summarized impact for each variable for each
county and each category is shown in Table 3.3.
Table 3.3

Variable

Overall, category-wise and county-wise impact of the covariates on the NIPF
duration of ownership
Overall

Urban

Rural

CO

DS

HC

SF

AT

HL

WT

YB

paresis
+
+
+
acFore11-50
--+
acFore51-100
--acFore101-1000
--++
++
aliased
+
+
+
pri_tim.0
++
++
++
++
++
+
++
++
++
++
pri_tim.1
--------unmet
+
+
dumbs
+
+
--dum_rec
--------++
+++
-----rat_unem
-++
+
+
+
+
+
+
hh_inc
+
+
+
+
+
-+
+
+
+
dist_met
--+++
res_pop
---+
++
--++
+++
crp
+
+
+
+
+
+
hous_new
+
+
+
+
+
Notes: The blank spaces indicate the variable is not significant in the predicted model. The + and ++ indicates the
survival rates increase with the variable and the - and -- indicate the survival rate decreases with the variable while
+++ and --- indicate impact more significant than 50%, ++ and -- indicate impact more significant than 10% and +
and - for effects less than 10% for the relevant variable. The county names are CO: Coahoma, DS: DeSoto, HC:
Hancock, SF: Sunflower, AT: Attala, HL: Holmes, WS: Winston and YB: Yalobusha.

The impact was calculated using (exp (β) -1) *100 to obtain the impact of each variable
as a percentage. The positive sign in the table (+) indicates that the NIPF ownership is longer
with an increased independent variable. A negative sign (-) in the table indicates that the
ownership duration is lower with the increase of the variable. One positive sign and one negative
sign indicate the impact of the variable to the NIPF ownership duration is less than 10%, double
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plus and negative signs together indicate the impact is more significant than 10 present and
tribble plus signs and negative signs together indicate that the impact to the NIPF ownership
duration is more significant than 50%.
Based on the impacts it is evident that the forest size, sawtimber price in the year of
selling the parcel, sawtimber price in the previous year of selling the parcel, an economic
recession, and the Euclidian distance to the closest metropolitan city have the highest impact on
the duration of private forestland owners in the state of Mississippi. Higher Saw timber prices
indicate that the stability in timber price leads to longer ownership durations, indicating a stable
timber market attracts NIPF owners. Lower ownership durations associated with the higher Saw
timber prices in the previous year of selling parcel may indicate landowner attraction for higher
liquidation and appreciation rates when trading the parcel. The larger forest owners seem to be
susceptible to the lower duration of ownerships as more extensive forest tracts are attractive for
development projects. Economic recession leads to lower ownership durations as the instability
of the financial benefits gained from the forest tend to trade off the parcels to earn profit rather
than managing for timber harvest. The lower durations of ownerships are associated as the parcel
is far from a metropolitan city may indicate attraction of such parcels for development projects,
and such owners tend to move closer to urbanized areas.
Results from Category-Wise Comparison
For urban counties, overall, the duration of ownership of the NIPF landowners are longer
only with the rise in the sawtimber price in the year of selling the parcel with an impact greater
than 10%. The duration of ownership was lower with the three forest acre groups (11-50, 51-100,
and 101-1000 acres) than the forest acre group less than 10 acres. The NIPF ownership duration
was shorter with the increase of sawtimber price in the previous year of selling the parcel and
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with an economic recession. The assessed value of the land and absentee ownership were not
significant for the NIPF landowners in urban counties in Mississippi. For rural counties, the
duration of ownership was longer with an impact greater than 10 % with the increase of
sawtimber price in the year of selling the parcel. The duration of NIPF ownership was lower with
the increase of sawtimber price in the previous year of selling the parcel, with an economic
recession and with the increase of resident population. The extent of forest acres was not
significant for the NIPF landowners in rural counties in Mississippi.
Past studies have concluded that parcel size is a critical component of parcelization. The
results reveal that the size of the parcel is not a significant factor determining the duration of
ownership in urban and rural counties in Mississippi. The results suggest that the duration of
ownership is lower with the three forest acre groups (11-50, 51-100, and 101-1000 acres) than
the forest acre group less than 10 acres in urban counties. Nevertheless, the forest extent was not
significant for rural counties. The main reason for this trend may be the rate of urbanization in
metropolitan areas are higher than that of rural counties related to the higher rates of liquidation.
The sawtimber price in the year of the parcel sold has a high positive impact for a longer
duration of ownership in urban and rural counties. In contrast, the increase in the sawtimber price
in the previous year the parcel sold impacts for lower durations. The results indicate the
importance of the functionality and structure in the timber market can have a more substantial
influence on the ownership durations for both the categories under comparison.
An economic recession impacts the lower duration for both urban and rural counties,
indicating that the condition in the economy may have a higher impact on ownership duration.
Worsening economic conditions may lead to a lower duration of ownerships. The resident
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population in the rural counties tend to impact lower durations as the rural forests may be
susceptible to real estate projects to satisfy the housing needs.
Results from County-Wise Comparison
Table 3.4 summarizes the county-wise comparison results from parametric duration
analysis using Weibull regression. Coahoma, DeSoto, Hancock, and Sunflower counties
represent the urban counties while Attala, Holmes, Winston, and Yalobusha refer to the rural
counties. This section of the study compares a county-wise Weibull parametric duration analysis
to examine the determinants of ownership duration of NIPF landowners by each county. The
impact of each variable on the duration of ownership was interpreted from Table 3.3.
Coahoma is a metropolitan county adjacent to Arkansas's state in Mississippi Delta with a
population of 20,000 people (U.S. Census 2010), 68% urbanized with a 21% share of forestland
in the county. Based on the Weibull regression results, the duration of ownership of NIPF
ownership in the county is longer with the increase in sawtimber price in the year of the parcel
sold. It is also longer with the increase in the Euclidean distance to the closest metropolitan city
from the parcel location. The duration of ownership for Coahoma County is shorter, with the
increase in sawtimber price in the previous year of the parcel sold. Shorter duration of ownership
was associated with an economic recession, with higher unemployment rates and an increase in
the resident population. The parcel size, amount of forest acres, assessed value of the land,
number of deaths and absentee ownership was not significant for the NIPF owners in Coahoma.
DeSoto County is a part of the Memphis Tennessee-Mississippi-Arkansas metropolitan
area, with 80% of urbanized land, and 43% of the total land forested. DeSoto is the third most
populous county in the state, presiding over 161,000 (U.S. census 2010) people in the area.
According to the parametric duration analysis, the duration of ownership of NIPFs was longer
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with the increase in the sawtimber price in the year the parcel sold and longer with a higher
unemployment rate. None of the variables were affecting the lower durations of ownerships for
the county more than an impact of 10 %. The parcel size, amount of forest acres, assessed value
of the land, absentee ownership, economic recession, and Euclidian distance to the closest
metropolitan city were not significant for the NIPF ownership duration in DeSoto.
Hancock County is the southernmost county with 57% urban land and 70% of the
forested land. Hancock is part of the Gulfport–Biloxi-Pascagoula, a metropolitan area with a
population of 43,000 (U.S. census 2010). The private forestland ownership duration in Hancock
County was longer with an economic recession, and with the increase in the resident population.
None of the variables affected the lower durations of ownerships for the county with an impact
of more than 10%. Simultaneously, the parcel size, the extent of forest acres, assessed value of
the land, sawtimber price in the previous year the parcel sold, absentee ownership, and the
Euclidian distance to the closest metropolitan city were not significant for the NIPF ownerships
in Hancock.
Based on the 2010 U.S. census, the Sunflower County inhabits 29,450 people, with 54%
urbanized land and eight percent of the forested land area in the Mississippi Delta. The NIPF
ownership duration for the county was longer with an economic recession. The ownership
duration was shorter with the increase in the sawtimber price in the previous year of parcel sold,
with absentee ownership, with the rise in household income, and with the increase in the resident
population with a higher impact. However, the parcel size, amount of forest acres, and Euclidian
distance to the closest metropolitan city were not significant for the NIPF ownership duration in
Sunflower.
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Table 3.4

Results from county-wise Weibull parametric duration analysis comparison
Urban

Variable
CO

DS

Rural
HC

SF

AT

HL

WT

YB

0.000**
0.000**
0.000**
0.000**
0.030**
0.000**
0.000**
0.000**
**
0.000
0.000
0.000
0.000
0.000
-0.001
0.000
0.000
-0.027
-0.019
0.000
0.000
0.005
-0.056
0.010
0.019
acFore11-50
-0.133** -0.047
0.007
0.053
-0.019
0.077**
0.073**
-0.063
-12.495
-4.547
0.718
5.42
-1.883
7.959
7.558
-6.068
acFore51-100
0.125
-0.067
-0.102
-0.002
-0.063
0.048
0.045
-0.046
13.285
-6.517
-9.731
-0.153
-6.106
4.921
4.654
-4.507
**
**
acFore101-1000 0.019
-0.250
-0.046
0.090
-0.185
0.191
0.088
-0.172
1.884
-22.134
-4.521
9.453
-16.859
20.998
9.232
-15.828
val_assd
0.000
0.000
0.000
0.000**
0.000
0.000*
0.000**
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.001
0.001
pri_tim.0
-0.288** -0.122**
0.004
-0.071**
-0.110** -0.125** -0.147** -0.114**
-25.015
-11.454
0.356
-6.899
-10.448
-11.729
-13.657
-10.786
pri_tim.1
0.209**
0.081**
0.055**
0.125**
0.083**
0.106**
0.099**
0.106**
23.222
8.412
5.608
13.261
8.631
11.213
10.399
11.175
num_deth
-0.002
0.010**
0.016** -0.025**
0.005**
0.005**
-0.022**
0.024**
-0.241
1.011
1.639
-2.51
0.452
0.503
-2.177
2.446
**
dum_abs
0.090
0.090
-0.010
0.158
-0.038
0.097
0.003
0.164**
9.448
9.367
-0.986
17.142
-3.688
10.187
0.27
17.816
dum_rec
0.729**
-0.118
-0.162*
-1.077**
0.006
0.475**
0.634**
0.097
107.353 -11.169
-14.923
-65.922
0.625
60.737
88.478
10.174
rat_unem
0.126**
-0.190** -0.026** -0.097**
-0.072** -0.033** -0.098** -0.130**
13.44
-17.294
-2.595
-9.265
-6.949
-3.275
-9.358
-12.178
**
**
**
**
**
**
hh_inc
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000**
-0.015
-0.003
-0.037
0.004
-0.033
-0.016
-0.034
-0.041
dist_met
-0.877**
0.234
0.001
0.123
-0.128
-0.099
0.055
-0.236
-58.414
26.365
0.119
13.08
-11.993
-9.429
5.624
-21.03
**
**
**
**
**
**
**
res_pop
0.717
-0.073
-0.459
0.876
-0.414
0.052
0.396
-1.053**
104.757 -6.998
-36.82
140.226
-33.876
5.305
48.573
-65.109
crp
0.000**
0.002** -0.002**
0.001**
0.001**
0.000**
0.000**
0.001**
-0.035
0.233
-0.156
0.071
0.078
0.033
-0.008
0.066
hous_new
0.007**
-0.001**
0.000*
-0.023**
-0.003*
0.007**
0.009**
-0.019*
0.674
-0.055
-0.024
-2.293
-0.305
0.671
0.895
-1.889
**
**
**
**
**
**
**
log (scale)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000**
Notes: The county names are CO: Coahoma, DS: DeSoto, HC: Hancock, SF: Sunflower, AT: Attala, HL: Holmes,
WS: Winston and YB: Yalobusha. The numbers in the second line of each covariate are the impact of the variables,
and it was equal to (exp (β) -1) *100, where β is the estimate. Asterisks (∗ and ∗∗) denote significance at the 10% and
1% level, respectively.
intercept
par_size
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Attala County comprises 18,000 people (U.S. census 2010), with 64% of the rural area
and 84% of the forested land. The duration of ownership of private forest owners in Attala
County was longer with the forest acre group 101-1000 than the forest acre group between one to
10 acres. The duration of ownership was lower with the increase in the sawtimber price in the
year of the parcel sold and with an increase in the resident population in the county. None of the
variables affected more than an impact of 10 % on the county's lower durations of ownerships.
Together, the parcel size, assessed value of the land, absentee ownership, an economic recession,
and Euclidian distance to the closest metropolitan city are not significant for the NIPF ownership
duration in Attala.
Holmes County is a western county with 19,000 (U.S. census 2010) population in the
Mississippi Delta, comprised of 87% of rural covering 63% by forestlands. Based on the Weibull
regression results, the duration of ownership of the NIPFs in the Holmes County was longer with
the forest acre group 101-1000 than the forest acre group between one to 10 acres of forest extent
and with the increase of sawtimber price in the year of the parcel sold. The duration of ownership
was shorter with the increase in the sawtimber price in the previous year of parcel sold and with
an economic recession. However, the absentee ownership and Euclidian distance to the closest
metropolitan city were not significant for Holmes' NIPF ownership duration.
Winston County is 19,000 (U.S. census 2010) populous, 76% of the county is rural, and
82% of the total land area is forested. The county's NIPF ownership duration was longer with the
increase in sawtimber price in the year of the parcel sold. Ownership duration of NIPFs
decreased with the increase in the sawtimber price in the previous year of parcel sold, and with
an economic recession. Simultaneously, the parcel size, absentee ownership, and Euclidian
distance to the closest metropolitan city were not significant for Winston's NIPF ownerships.
49

Yalobusha County is a county with approximately 12,000 (U.S. census 2010) people,
with 79% of rural land and 69% of forested cover. The ownership duration of NIPFs in
Yalobusha County was longer with the increase in the sawtimber price in the year the parcel
sold, and with the rise of the resident population. The ownership duration decreased with the
increase in the sawtimber price in the previous year of parcel sold, with absentee ownership, and
with an economic recession. Together, the parcel size, amount of forest acres, assessed value of
the land, and Euclidian distance to the closest metropolitan city are not significant for the NIPF
owners in Yalobusha. The results from the parametric duration analysis for each county was
significantly different from each other from the level of impact and the type of impact
(higher/lower duration of ownership durations) as these findings can be used as a metric for each
county to propose policy changes in the future for the private forestland owners.
Conclusions
The chapter incorporated Weibull parametric duration analysis to assess the determinants
of the private forestland ownership duration in Mississippi. Modeling a parametric duration
analysis generated more insightful results to predict how NIPF landowners’ behavior
transformed over the past 20 years. This study is the first to attempt to assess the trend of the
parcelization related to ownership duration of private forestlands in Mississippi. Based on the
parametric duration analysis the size of the parcel did not perform as a major determinant
towards the duration of NIPF ownership for the state. However, the duration of ownership
increased with the increased size of parcel for urban counties and decreased in rural counties
with a lower impact. The extent of forest acres has played a significant role in decision making
for private forestland owners; mainly in urbanized counties. As the forest acreage increased, the
survival probability increased indicating a lower hazard for all the other three forest acre groups
50

compared with the group between one to 10 acres of forest extent. The main reason for the trend
may be the landowner’s management objectives tend to diversify due to smaller parcel size and
trade their land without commercial timber production due to limited economies of scale. The
assessed value of the land was significant for rural counties. The survival probability increased
with a higher assessed value of the land and maybe the motive for the higher number of
ownerships in rural counties than that of urbanized counties.
The sawtimber price played a vital role in the NIPF duration of ownership duration in the
state. Based on the above findings, the duration of ownership increased with the increase in the
sawtimber price in the year of parcel sold. On the other hand, the NIPF duration of ownership
declined with the increase in the sawtimber price in the previous year of selling the parcel. The
reason for this trend may be that private landowners who have decided to transfer often are
associated with higher liquidation cuts (Germain et al. 2007) and appreciation rates. The
sawtimber price of matter for the owners who pertained timber production. Establishing a stable
timber market in the state may reduce the industry's uncertainty, and the owners would
encourage them to continue commercial forest management. They may ameliorate continuous
timber supply in the state in the future.
An economic recession had a direct impact on private forestland ownership duration for
the past 20 years. The great recession from the year 2007 to 2009 harmed private forestland
ownership durations. The study concludes there is a direct impact of the economic condition on
the state's NIPF ownership duration. It is vital to access the trend of forestland trade a few years
after the economic recession world is currently experiencing in the year 2020. If the same pattern
of ownership transfers continues with the current economic recession in 2020 as the economic
recession experienced between 2007 and 2009, more than 70% of the small forestland would be
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at risk of subdividing or changing hands of ownership in order to overcome the financial losses
encountered.
The resident population was also a central determinant of the NIPF ownership duration in
the state. The ownership duration decreased for both categories (urban and rural) with the
increased resident population. Based on the projections, the Mississippi population will increase
to 4.5 million by the year 2020 (The State Data Center of Mississippi, 2019). The increasing
rates of urbanization and mounting housing needs will enhance further subdivision or conversion
of smaller forestlands into residential projects by 2050 (U.S. Forest Service 2015). The study
examined that the absentee ownership had an overall positive effect on the duration of
ownership, even though the impact of the variable was less than 10%. Simultaneously, the
variable was only significant in the rural category. The main reason for the trend may be the
absentee owners tend to own their land for non-commercialized objectives and intend to return to
the forestland in the latter part of their lives or sell for a development project at the best-assessed
value for the land.
Absentee owners have identified as unenthusiastic as and less active than occupant
landowners (Sagor and Becker 2014). Butler (2008) concluded absentee ownership increases as
the size of the forest tract increases. Suggested future research could be to assess the future NIPF
ownership patters using a survey for the state. Such a study could provide insights into the future
trend in this ownership category. It is evident that absentees own approximately 117 million
acres of private forestland in the U.S. Thus, their land management decisions and activities
influence the flow of forest-based goods and services (Snyder et al. 2020). Specifically, absentee
owners are less likely to have commenced a commercial timber harvest, harvested woodland
biomass, engaged in wildlife habitat projects, implanted trees, reduced fuels on their land,
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controlled invasive species, or invested in their forest land. Based on the findings, there seems to
be a trend of parcelization due to absentee owners in the state as a higher percentage of smaller
parcels are under their regulation.
The results indicated that the Euclidian distance to the nearest metropolitan city is a
highly significant variable overall for the state and both urban and rural categories. The hazard of
selling the forestland increased as the parcel is far from a metropolitan city. This trend may be as
the distance increases to a city; the piece of forestland tends to remain uninterrupted by
development projects and commercial real estate business. Simultaneously the lower durations of
ownerships are associated as the parcel is far from a metropolitan city. It may indicate attraction
of such parcels for development projects and such owners tend to move closer to urbanized
areas.
This trend accompanied by the pattern of ownership duration of NIPFs with the new
private housing starts in the state. The duration of ownership decreased with increasing housing
starts for the overall state and urban and rural categories with a lower impact. However, with the
increase in the new private structures authorized, the forestland owners may believe that they
might be able to appreciate their land for a better market price by vending the property for real
estate companies. The increase in the number of enrollments of conservation reserve programs
and rental payments tends to demonstrate a significant positive relationship towards the duration
of ownership of private forestlands in the state with a lower impact. As the number of
conservation program participants and rental payments increase, the landowners were motivated
to identify the importance of conservation programs and their related benefits. Suggests the
importance of cost-share and financial incentive programs may play a vital role if the primary
forest owner’s intention of the land to maximize the profits from commercial timber production.
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The household income showed a positive relationship with the duration of ownership of private
forestlands, while unemployment indicates lower survival. Mehmood and Zhang (2001)
identified that, better lifestyles tend to hold the forest landowners in the property without trade.
With a higher level of household income, the landowner may feel a secure future for their lives
and tend to value the forestlands and intact from development projects while unemployment
affects vice-versa. The number of deaths increment enlightens a lower duration of ownership for
overall state and the urban and rural ownership categories. The landowner's death tends to have a
significant negative impact on the forestland as the heirs tend to have different management
goals and sell the land for development projects shortly.
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CHAPTER IV
CONCLUSIONS AND FUTURE RESEARCH
Conclusions
Non-Industrial Private Forest (NIPF) landowners’ decisions are critical towards the
sustainability of the forestry sector as they control extensive amount of forestland in the United
States. Subdivision and frequent trade of forests for agricultural and urban development are the
primary causes to alter the structure and extent of private forestlands in the nation (Nowak and
Walton 2005; Hatcher et al. 2013; Snyder et al. 2020). This study mainly focused on the duration
of ownership of private forestlands in the state of Mississippi to identify the trends and patterns
of parcelization in the past 20 years. The non-parametric duration analysis results revealed the
median NIPF ownership duration was approximately between 10 to 15 years for the selected
eight counties. The cumulative hazard experienced by owners increased as the slope of the
cumulative hazard function increased at a decreasing rate over time. As time progresses, more of
the high-risk NIPF owners were failing, leaving a more significant proportion of low-risk
parcels. Since the low-risk subjects have a lower hazard, the apparent hazard was decreasing.
These NIPF ownerships will very likely change their ownerships following the similar patterns
of lower durations in the future.
There had been a significant increase in smaller parcels less than eleven acres of
forestland for the past 20 years in Mississippi while there was a substantial loss of larger forest
parcels. It is essential to pay attention to NIPFs who own less than 11 acres of forestland to
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reduce the amount of subdivision and trade of smaller pieces of forest. The NIPF owners in
Mississippi may transfer their property to heirs or subdivide or trade for development projects
shortly in the future. There is an immediate need to identify the NIPF owners who are more
prone to subdivision and change ownerships to encourage them to commercialize their land in
terms of commercial timber production by providing the needful guidance via state-wide
programs.
Forty-four percent of family forestlands in the United States (approximately 117 million
acres) is controlled by absentee owners who do not reside on their forestland (Butler et al. 2016).
Absentee owners have been identified as unmotivated, unengaged, or less active than resident
landowners (Sagor and Becker 2014). There are examples in the literature that illustrate that
absenteeism reduces the likelihood of landowners undertaking specific forest and land
management activities. (Hendee and Flint 2013; Sagor and Becker 2014; Young et al. 2015). The
study found absentee NIPFs had a significant impact on the duration of proprietorship in the state
as they dominate 59% of the ownerships for the past 20 years in Mississippi. The median
distance from the forestland to the owner’s residence for urban counties was 9.38 miles, while
16.57 miles for rural counties. Eighty-three percent in urban counties and 67% in rural counties
were absentee forestland owners who maintained forestlands less than or equal to 50 acres. There
is a critical need to raise awareness and to facilitate forest management among absentee owners
by increasing their membership in landowner associations and conservation programs. However,
future research is needed to assess the landowner participation in forestland management
activities, timber harvesting and wildlife conservation.
Based on the parametric duration analysis, the sawtimber price played a vital role in the
NIPF ownership duration. The NIPF duration of ownership was longer with the increase in
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timber price in the year parcel sold; in contrast, the ownership duration was lower with increase
in the sawtimber price in the previous year of selling the parcel. Establishing a stable timber
market in the state may reduce the uncertainty in the industry as the owners encouraged to gain
financial benefits from the forests, there will be a continuous surplus of timber products for the
southern United States. Simultaneously, an economic recession had an impact on private
forestland ownership duration for the past 20 years. The effect of the great economic recession
from the year 2007 to 2009 had negatively impacted the private forest ownerships in the state.
Eighty four percent in urban and 70% in rural were smaller parcels less than or equal to parcels
with 50 acres that have been sold in the period of the great recession. The study concludes there
is a direct impact of the status of the economy towards private forestland ownership durations in
the state.
It is crucial to study the trend of forestland ownership change a few years after the
economic recession the world is experiencing in the year 2020. If with the economic recession in
the year 2020, the same pattern continues, more than 70% of the small private forestland
ownerships would be at risk of subdivision or to trade entire land to overcome the financial
complications encountered due to the recession. The resident population was also a central
determinant of the NIPF ownership duration for the state. The ownership duration decreased with
the increasing resident population. The intensifying urbanization followed by increased housing
needs will further enhance subdivision and conversion of smaller forestlands into residential
projects in the future. The subdivision and lower ownership duration of forest parcels by
increasing number of owners may lead to future timber supply problems as well as increased
trends of parcelization in the state in the next 20 years. There was a significant increase of
smaller NIPF parcels between one to 10 acres for the past 20 years while there was a substantial
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loss of larger forest parcels for the state. Simultaneously, there was more substantial decline in
the number of forest parcels with 11 to 50 acres in urban counties, while a loss of parcels with
more than 100 forest acres in rural counties by the year 2019. The average ownership duration of
NIPF declined over the 20 years for both the urban and rural counties as the number of new
parcel ownerships started each year was approximately constant for both the urban and rural
counties.
Based on the study findings, a long-term strategy is needed to minimize the trend of
parcelization of NIPFs in Mississippi in the future associated with absenteeism. However, if the
pattern of increased smaller parcels continues in the state, there will be a substantial loss of new
NIPF tracts less than 50 acres, and a higher percentage of larger forests will diminish in size and
will limit the economies of scale of timber production. Immediate attention is required towards
the forest ownerships less than 50 acres of forestland to control the rate of parcelization in the
state. This study can be used by the individual county policymakers to assess the trends of
parcelization of NIPF forestlands to identify the drivers and patterns of ownership duration. The
objective of longer ownership durations and lower rates of parcelization could be achieved by
providing financial incentives, increasing the number of acres under conservation easements,
developing a stable timber price to minimize the uncertainty in the industry, and conduct
awareness programs to the landowners on the importance on investing in the forestry sector. The
Mississippi Forestry Commission and related authorities must be attentive on the smaller forest
ownerships in the state to encourage them to minimize the rates of subdivision.
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Future Research
With the continued emphasis on the behavior on the ownership of NIPF landowners, this
thesis illustrates concerns regarding future strategies to minimize the rate of parcelization of
NIPFs in the state. A principal matter that future research should be to identify the landowner
characteristics (age, number of heirs, level of income, and level of education, household income,
participation in cost-share programs and forest management objectives) and future intentions on
their land to identify the patterns of parcelization using a survey instrument, primarily for the
NIPFs less than 50 acres of forest extent. This research will fill the gap in the literature on the
future trends of parcelization among NIPFs in the state. Another future research could be to
assess the association between absentee private forestland owners with the duration of
ownership. A survey to analyze the absentee owner’s behavior would lead to future predictions
regarding their intentions on lands as they possess abundant forest resources in the state. The
identification of the current decisions, management strategies, and future intentions regarding the
land they manage plays an essential role in the sustainable development of the forestry industry.
This research would also be extended to assess the behavioral patterns of the future owners
(heirs) to identify their view on the future intentions on the forests that they plan to own. Another
aspect of research could be to assess the relationship between the forest incentive, cost-share, and
conservation reserve program enrollments towards small forestland ownership durations in the
state to evaluate their intentions for the lands in the future. This research can be further extended
to identify the parcels that have been merged by the NIPF owners in the state to identify the
patterns of backward parcelization trends associated with the ownerships.
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